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Presentation Outline
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• Analysis of Historical Sendout
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• Aliso Canyon Inventory Recommendation
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Goals and Introduction

• Determine if the minimum inventory levels of all storage fields that were 
assumed in the reliability assessment are achievable (feasible) 
throughout the Winter and Summer seasons. 

• The reliability assessment base cases assumed 90% inventory levels in the 
non-Aliso underground storage fields for the winter season and 70%-90% for 
the summer season.

• Provide more insight to the minimum required inventory level at Aliso 
Canyon.

• The reliability assessment provided only a withdrawal capacity required 
from Aliso Canyon on a 1-in-10 reliability day.

• However, the reliability assessment did not address or analyze multiple cold 
days or a cold year.
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Goals and Introduction

• The scenarios framework had discussed three possible approaches to 
conduct the feasibility assessment, where the first two use Synergi for 
steady and transient analyses.

• Synergi proved to be time-consuming:

• Operational actions can’t be easily automated and still require frequent 
manual adjustments to stay within the physical constraints of the system 
(primarily pressure bounds).

• The number of simulations required to perform a year-around feasibility 
assessment is prohibitive.

• Therefore, the third approach is used, wherein a mass balance is 
performed to figure out the inventory levels at the storage fields. In 
addition, some stochasticity will be introduced to the model.
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Methodology Summary

• The methodology attempts a mass balance on each day of the study year.

• The methodology inputs are:

• Forecasted daily demand using random draws from a known distribution.

• Assumed pipeline capacity*.

• Maximum withdrawal and injection curves.

• Working gas capacity of storage fields.

• The model then determines whether there is excess or deficit in gas supply, 
then injects or withdraws accordingly, while respecting injection and 
withdrawal limits. 

• If there isn’t sufficient supply to meet the demand (mass imbalance) on a 
given day, the model flags that day as an imbalance day. EFOs (Emergency 
Flow Order) are used as a proxy for insufficient supply or imbalance.

5*and assume that customers are scheduling this capacity
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Methodology in Depth

• The methodology used for the feasibility assessment may be 
detailed by the following steps:

• Step 1: Using 2010-2017 historical data:
• Estimate the standard deviation of the total daily demand for each 

calendar month (σ).

• For each calendar month, analyze the distribution of the total daily 
demand and assume the same distribution for future years.

• Step 2:  Use the standard deviation (σ) from step “1” and the 
mean daily use for a study year from the California Gas 
Report( ത𝑋) to obtain a distribution of total gas demand for 
each calendar month.
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Methodology in Depth

• Step 3: For each calendar month, randomly select a number of daily 
demand values from the assumed distribution. The number of draws 
must equal the number of days in the calendar month. This is the 
“forecasted” daily demand.

• Step 4: Assume the interstate receipt capacity and CA production.

• Assume that customers are scheduling the full pipeline receipt capacity 
every day.

• Step 5: Calculate the daily excess or deficit in natural gas by subtracting 
demand from supply.

• If there is excess natural gas, inject into the storage fields without exceeding 
their injection capacity.
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Methodology in Depth

• Step 5 continued:

• If there is a supply deficit in natural gas, withdraw from storage fields 

without exceeding their withdrawal capacity.

• If there isn’t sufficient capacity to meet the demand, flag that day as 

an EFO (Emergency Flow Order).

• Track the inventory levels over a whole calendar year using known 

maximum withdrawal and injection curves.

• Step 6: Enhance the model; add utilization factors for the storage fields, 

limits on minimum and maximum inventory levels, initial volume in the 

storage fields, and initial month to start the integration from.
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Summary of Methodology

9

1. Calculate 
the standard 
deviation (σ) 
from historical 

data and 
obtain the 
daily mean 

( ത𝑋) from CGR 
forecasts.

2. Forecast 
daily demand 
for the study 
year using a 

known 
statistical 

distribution.

3. Determine 
gas supply 

assumptions.

4. Calculate 
daily excess or 

deficit, 
withdrawing 

or injecting as 
needed.

5. Track 
inventory 

levels over the 
whole study 

year.
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Methodology in Depth

• Injection order may matter. 

• Analysis shows that if the only limitation on injection is the injection capacity 
(compressors) of the storage fields, it would take about:

• 176 days to fill La Goleta (LG).

• 126 days to fill Aliso Canyon (AC) to its allowed maximum by CalGEM (68.6Bcf).

• 107 days to fill Honor Rancho (HR).

• 26 days to fill Playa Del Ray (PDR).

• Therefore, the following order will be used for injection:

• Aliso was chosen last to minimize its use. 

LG HR PDR AC
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Methodology in Depth

• Withdrawal order does matter. 

• The withdrawal capacity of a storage field decreases as its inventory 
decreases:

• The withdrawal capacity of LG decreases relatively slowly, while 
the withdrawal capacity of PDR decreases fast, about 20 times as 
fast as LG.

• HR and AC withdrawal capacity decreases 3 times as fast as LG.

• Since minimizing the use of AC is the goal, the following withdrawal 
order is assumed:

LG HR PDR AC
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Analysis of Historical Sendout
Statistical Distribution, Mean, and Standard Deviation
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Historical Sendout by Year (2010-2017)
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Historical Sendout by Month (2010-2017)
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Analysis of Historical Sendout

• Many of the distributions, whether yearly or monthly tend to be right-
skewed, i.e. with longer tails on the right side of the distribution.

• Gamma distributions are widely used in engineering to model 
continuous variables that are always positive and have skewed 
distributions. 

• The probability density function of a Gamma distribution is:
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𝑓(𝑥) =
𝛽𝛼

Γ 𝑥
𝑥𝛼−1𝑒−𝛽𝑥

𝑤ℎ𝑒𝑟𝑒 𝛼 =
𝑚𝑒𝑎𝑛

𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛

2

𝛽 =
𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛2

𝑚𝑒𝑎𝑛
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Historical Sendout by Month (2010-2017)
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Standard Deviation vs. Mean Daily Volume
Using 2010-2017 Sendout Data
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Mean σ

Upper σ

Lower σ
Knowing the mean daily 

volume, the standard 
deviation can be estimated
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Study Year: 2020
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Month Average Cold Days

MMCFD MMCFD #

1 3,080 3,376 31

2 2,807 3,055 29

3 2,494 2,706 31

4 2,433 2,618 30

5 2,069 2,199 31

6 2,073 2,147 30

7 2,435 2,574 31

8 2,623 2,785 31

9 2,579 2,685 30

10 2,422 2,482 31

11 2,595 2,778 30

12 3,182 3,509 31

Mean 2,565 2,743 30.5

Total 939 Bcf 1,004 Bcf 366

• For an average 2020 year, 

the total natural gas 

demand forecast is 939 Bcf*. 

• For a cold 2020 year, the 

total natural gas demand 

forecast is 1,004 Bcf*, which 

is about 7% higher than that 

of an average 2020 year.

* California Gas Report 2018
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Demand Distribution for Study Year 2020
Average Year & Cold Year

Cold Year Average Year

Demand Range Lower SD Avg SD Upper SD Lower SD Avg SD Upper SD

Bcfd Expected number of days

4.5<Q 0.215 1.671 4.6 negligible 0.172 1.23

4.0<Q<4.5 3.83 7.497 10.97 0.19 1.86 4.77

3.5<Q<4.0 23.27 24.93 29.58 6.33 11.67 17.78

0<Q<3.5 337.67 330.91 319.84 358.48 351.3 341

• Based on the Gamma distribution, the table below summarizes the expected number 

of days with high demand for 3 choices of standard deviations (lower 95% 

confidence level , average, and upper 95% confidence level) and two choices for 

the weather year (average and cold).
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Questions?
Feasibility Assessment
Questions about Methodology?
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Results Sample (Extremes Cases)
Case 01: Ideal Case & Case 02: Unfavorable Scenario 

21



Californ ia  Public U til ities Commission

Case 01: Ideal Case Scenario

❑ Average year (1,320 
HDD)

❑ Daily capacity of 
3,013.5 MMscfd

❑ Lower daily standard 
deviation

❑ All wells are available 
year around

❑ 90% minimum level for 
non-Aliso storage fields

❑ 100% maximum level for 
all storage fields

Aliso withdrawals still required
No EFOs triggered
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Assumption used in 
Synergi model for the 
Reliability Assessment

This plot is NOT for 5 future years
This plot is for 5 repetitions of study year 2020

Capacity is 100 MMscfd less than 
that of the Reliability Assessment
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Case 02: Unfavorable Scenario

❑ Cold year (1,594 HDD)

❑ Daily capacity of 
2,613.5 MMscfd

❑ Upper monthly 
standard deviation

❑ 75% of wells are 
available year around

❑ 90% minimum level for 
non-Aliso storage fields

❑ 100% maximum level for 
all storage fields

23

Assumption used in 
Synergi model for the 
Reliability Assessment
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More Results

• Previous slides showed the following:

• Case 01: ideal case scenario

• Case 02: unfavorable scenario

• The next slides will show:

• Cases 21-24: Sensitivity on Aliso Maximum Allowed Inventory 
Level for a Cold Year

• Cases 09-13: Sensitivity on non-Aliso Minimum Inventory Level for 
a Cold Year

• Parametric Study: 240 cases

24
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Cases 21-24: Sensitivity on Aliso Maximum 
Allowed Inventory Level for a Cold Year

❑Cold year (1,594 HDD)

❑Daily capacity of 2,813.5 
MMscfd

❑Upper monthly standard 
deviation

❑85% of wells are available year 
around

❑90% minimum level for non-Aliso 
storage fields

❑100% maximum level for non-
Aliso fields

25

Case #
Aliso 

Maximum 
Level

21 100%

22 80%

23 60%

24 40%
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Case 24: Aliso Allowed to 40%

❑ Cold year (1,594 HDD)

❑ Daily capacity of 2,813.5 
MMscfd

❑ Upper monthly standard 
dev iation

❑ 85% of wells are 
available year around

❑ 90% minimum level for 
non-Aliso storage fields

❑ 100% maximum level for 
non-Aliso fields

❑ 40% maximum level for 
Aliso
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Case 23: Aliso Allowed to 60%

❑ Cold year (1,594 HDD)

❑ Daily capacity of 2,813.5 
MMscfd

❑ Upper monthly standard 
dev iation

❑ 85% of wells are 
available year around

❑ 90% minimum level for 
non-Aliso storage fields

❑ 100% maximum level for 
non-Aliso fields

❑ 60% maximum level for 
Aliso
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Case 22: Aliso Allowed to 80%

❑ Cold year (1,594 HDD)

❑ Daily capacity of 2,813.5 
MMscfd

❑ Upper monthly standard 
dev iation

❑ 85% of wells are 
available year around

❑ 90% minimum level for 
non-Aliso storage fields

❑ 100% maximum level for 
non-Aliso fields

❑ 80% maximum level for 
Aliso
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Case 21: Aliso Allowed to 100%

❑ Cold year (1,594 HDD)

❑ Daily capacity of 2,813.5 
MMscfd

❑ Upper monthly standard 
dev iation

❑ 85% of wells are 
available year around

❑ 90% minimum level for 
non-Aliso storage fields

❑ 100% maximum level for 
non-Aliso fields

❑ 100% maximum level for 
Aliso
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Findings

• The Feasibility Assessment shows that maintaining 90% 
inventory level in the non-Aliso fields over the course of the 
Winter will result in more curtailments (or EFOs) even with the 
full use of Aliso Canyon (68.6Bcf). This is true regardless of the 
assumed pipeline capacity.

• Maintaining the non-Aliso fields at a 90% inventory level, as 
assumed in the Reliability Assessment, is not feasible and is 
contradictory with “minimizing” the use of Aliso.

• Similar results were observed for the 70% and 50% minimum 
inventory levels in the non-Aliso fields, which are shown next.
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Cases 09-13: Sensitivity on non-Aliso Minimum 
Inventory Level for a Cold Year

❑Cold year (1,594 HDD)

❑Daily capacity of 3,000 MMscfd

❑Upper monthly standard 
deviation

❑80% of wells are available year 

around

❑100% maximum level for non-

Aliso fields

❑60% maximum level for Aliso

31

Case #
Non-Aliso 
Minimum 

Level

09 90%

10 70%

11 50%

12 30%

13 10%
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Case 09: Aliso Allowed to 60%
Non-Aliso Maintained at 90%

❑ Cold year (1,594 HDD)

❑ Daily capacity of 3,000 
MMscfd

❑ Upper monthly standard 
dev iation

❑ 80% of wells are 
available year around

❑ 90% minimum level for 
non-Aliso storage fields

❑ 100% maximum level for 
non-Aliso fields

❑ 60% maximum level for 
Aliso
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Case 10: Aliso Allowed to 60%
Non-Aliso Maintained at 70%

❑ Cold year (1,594 HDD)

❑ Daily capacity of 3,000 
MMscfd

❑ Upper monthly standard 
dev iation

❑ 80% of wells are 
available year around

❑ 70% minimum level for 
non-Aliso storage fields

❑ 100% maximum level for 
non-Aliso fields

❑ 60% maximum level for 
Aliso
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Case 11: Aliso Allowed to 60%
Non-Aliso Maintained at 50%

❑ Cold year (1,594 HDD)

❑ Daily capacity of 3,000 
MMscfd

❑ Upper monthly standard 
dev iation

❑ 80% of wells are 
available year around

❑ 50% minimum level for 
non-Aliso storage fields

❑ 100% maximum level for 
non-Aliso fields

❑ 60% maximum level for 
Aliso

34



Californ ia  Public U til ities Commission

Case 12: Aliso Allowed to 60%
Non-Aliso Maintained at 30%

❑ Cold year (1,594 HDD)

❑ Daily capacity of 3,000 
MMscfd

❑ Upper monthly standard 
dev iation

❑ 80% of wells are 
available year around

❑ 30% minimum level for 
non-Aliso storage fields

❑ 100% maximum level for 
non-Aliso fields

❑ 60% maximum level for 
Aliso
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Case 13: Aliso Allowed to 60%
Non-Aliso Maintained at 10%

❑ Cold year (1,594 HDD)

❑ Daily capacity of 3,000 
MMscfd

❑ Upper monthly standard 
dev iation

❑ 80% of wells are 
available year around

❑ 10% minimum level for 
non-Aliso storage fields

❑ 100% maximum level for 
non-Aliso fields

❑ 60% maximum level for 
Aliso
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Feasibility Assessment
Questions about Results (11 cases shown)?
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Feasibility Assessment
Parametric Study
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Parametric Study

• Vary different “independent” 
parameters and analyze the 
“dependent” variables.

• Independent parameters:

• Pipeline capacity.

• Wells availability.

• Non-Aliso minimum inventory.

• Aliso maximum allowed inventory.

• Dependent parameters:

• Number of EFO days.

• Demand on EFO days.

• Volume of imbalance.

39

Cold Year Statistics

Demand Range 

(Bcfd)

Number of 

days

4.5<Q            4.6

4.0<Q<4.5 10.97

3.5<Q<4.0 29.58

Total above 3.5 45.15
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Parametric Study

Independent Parameters

• Pipeline capacity:

• 2,700-3,100MMCFD

• Wells availability:

• 60%-100%

• Non-Aliso minimum inventory: 
• 10%-70%

• Aliso maximum allowed inventory:

• 40%-100%

• Number of repetitions:

• 50 times of study year 2020

• 240 Cases

Dependent Variables

• Number of EFOs or imbalance 
days (#)

• The demand on the days the 
EFO was triggered (MMscfd)

• The volume of the imbalance 
(Bcf)

• The dependent variables will be 
averaged over the 50 repetitions 
of the study year (i.e. 2020)

40



Californ ia  Public U til ities Commission

Parametric Study

• Only a subset of the cases will be shown next.

• 4 pipeline capacities X 4 levels of Aliso Canyon = 16 cases.

• Pipeline capacities of 2,700, 2,800, 2,900, and 3,000 MMscfd.

• Aliso maximum Inventory level of 100%, 80%, 60%, and 40%.

• Cold year.

• 80% wells availability year around.

• Non-Aliso fields allowed to drop to 30%.
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Unacceptable:

EFO triggered when demand 

less than 4,987MMCFD

Acceptable.

Cold Year Statistics

Demand 

Range (Bcfd)

Number 

of days

4.5<Q 4.6

4.0<Q<4.5 10.97

3.5<Q<4.0 29.58

Total above 

3.5
45.15

Average daily demand

is 2,743 MMCFD
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UnacceptableAcceptable

Cold Year Statistics

Demand 

Range (Bcfd)

Number 

of days

4.5<Q 4.6

4.0<Q<4.5 10.97

3.5<Q<4.0 29.58

Total above 

3.5
45.15

Average daily demand

is 2,743 MMCFD
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UnacceptableAcceptable

Cold Year Statistics

Demand 

Range (Bcfd)

Number 

of days

4.5<Q 4.6

4.0<Q<4.5 10.97

3.5<Q<4.0 29.58

Total above 

3.5
45.15

Average daily demand

is 2,743 MMCFD
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UnacceptableAcceptable

Cold Year Statistics

Demand 

Range (Bcfd)

Number 

of days

4.5<Q 4.6

4.0<Q<4.5 10.97

3.5<Q<4.0 29.58

Total above 

3.5
45.15

Average daily demand

is 2,743 MMCFD
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Parametric Study
Summary of Findings

• 80% wells availability year around

• Non-Aliso fields allowed to drop to 30%

• Cold year
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Daily 
Pipeline 

Capacity
(MMCFD)

Maximum 
Allowable 

Percentage 
in Aliso (%)

Maximum 
Allowable 

Inventory in 
Aliso (Bcf)

2,700 100% 68.6

2,800 100% 68.6

2,900 80% 54.88

3,000 60% 41.16

3,100 40% 27.44

SoCalGas is offering 2.715 Bcfd of Capacity 
in the 2020 Open Season

Assumes no planned outages on the 
pipeline system
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Parametric Study
Summary of Findings
• Risk Assessment for a Cold 2020 year with Aliso 

Canyon at 60% and varying daily capacity.
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Daily 
Capacity
MMCFD

Number of 
EFOs if AC 

at 60%

Number of 
EFOs if AC 
at 100%

EFO Ratio
(Risk Ratio)

3,100 0.06 0.04 1.5

3,000 0.46 0.04 11.5

2,900 1.84 0.16 11.5

2,800 7.56 1.8 4.2

2,700 42.5 42.92 ~1

EFOs triggered 
on days when 
demand is less 
than 5Bcfd, i.e. 

possible 
curtailments on 
days when the 

demand is 
below that of a 

1-in-10 day

The daily capacity is so low that 

even Aliso won't help
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Summary of Findings
Recap

• Maintaining the non-Aliso fields at a 90% inventory level, as assumed in 
the Reliability Assessment, is not feasible and is contradictory with 
“minimizing” the use of Aliso.

• The Reliability Assessment showed that at 90% non-Aliso inventory level, 
withdrawals from Aliso were required, which was corroborated by the 
feasibility assessment.

• The Feasibility Assessment shows that maintaining 90% inventory level in the 
non-Aliso fields over the course of the Winter will result in more curtailments 
(EFOs) even with the full use of Aliso Canyon (i.e. 68.6Bcf). Similar results were 
observed for the 70% and 50% inventory levels in the non-Aliso fields.

• Therefore, allowing the non-Aliso fields to drop to 30% or even 10% 
throughout the winter is the feasible result, which in turn requires a higher 
withdrawal capacity from Aliso Canyon.
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Summary of Findings
Parametric Study

• A parametric study covering 240 permutations of pipeline capacity, 
wells availability, non-Aliso minimum levels, and Aliso maximum 
inventory level was constructed. Based on 80% well availability and a 
30% allowed minimum in the non-Aliso fields, the study suggests the 
following:
• An Aliso Canyon maximum inventory level of 60% is feasible and will 

maintain the minimum required withdrawal capacity for a 1-in-10 peak day, 
but only if the pipeline capacity during a cold season (or at least cold days) 
is maintained at 3 Bcfd or higher. This will require 285 MMcfd of interruptible 
capacity to be brought through the Southern Zone.

• An Aliso Canyon maximum inventory level of 80% will decrease the need for 
this interruptible capacity during a cold year.

• An Aliso Canyon maximum inventory 100% will obviate the need for this 
interruptible capacity during a cold year
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Feasibility Assessment
Questions about Parametric Study?
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Aliso Canyon Inventory 
Recommendation
Christina Ly Tan
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Aliso Canyon Inventory Recommendation

• Staff recommends selecting a maximum inventory level based on 
consideration of the following factors, in addition to party input:

52

• Risk Assessment: How much risk of curtailment is acceptable?

• Unbundled Storage Program: After 41.6 Bcf in Aliso Canyon, 

additional inventory can go towards Unbundled Storage

• Economic impact: The Feasibility Assessment does not consider 

ratepayer cost impacts or other economic impacts.

• Pipeline capacity: Currently, about 2.7 Bcf of firm capacity on the 

SoCalGas system. What is the likelihood of average pipeline 

capacity and utilization increasing?
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Aliso Canyon Inventory Recommendation, cont.
• Staff recommends an Aliso Canyon maximum inventory of 41.1, 54.9 or 68.6 Bcf.

• This inventory level is recommended until a Phase 3 solution is adopted and implemented.
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(A)
Daily 

Pipeline 
Capacity
(MMCFD)

(B) 
Maximum 
Allowable 

Percentage 
in Aliso

(%)

(C)
Maximum 
Allowable 
Inventory 
in Aliso 
(Bcf)

(D)
Number 
of EFO 
days
(#)

(E)
Average 
Demand 
on EFO 
days

(MMCFD)

2,700 100% 68.6 42.92 3,754

2,800 100% 68.6 1.8 4,823

2,900 80% 54.88 0.42 4,997

3,000 60% 41.16 0.46 5,225

• Each of these alternatives assumes:

• Different average pipeline capacity.

• Different risk of curtailments.

• At 2,800 MMcfd, the EFOs are 

expected when demand 

is below 1-in-10 peak day demand.

• At 2,900 and 3,000 MMcfd, the 

EFOs are expected when demand 

is at or above a 1-in-10 peak day 

demand.
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Q&A and Discussion
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